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Abstract,Q WKLV SDSHU D '\QDPLF 6SHFWUXP $FFHVV '6$
3K\VLFDOOD\HU3+<WHFKQLTXHLVSURSRVHGWKDWDOORZV6HFRQGDU\
8VHU 68 DFFHVV WR WKH WUDGLWLRQDO )0 5DGLR VSHFWUXP 
0+]IRUDOWHUQDWLYHGDWDFRPPXQLFDWLRQDSSOLFDWLRQV)0UDGLR
ZDYHVKDYHH[FHOOHQWSURSDJDWLRQFKDUDFWHULVWLFVIRUORQJGLVWDQFH
WUDQVPLVVLRQDQGKDYHKLJKOHYHOVRISHQHWUDWLRQWKURXJKEXLOGLQJV
8VLQJ WRROV VXFKDVD VWUXFWXUHGJHRORFDWLRQGDWDEDVHRI OLFHQVHG
3ULPDU\ 8VHU 38 )0 5DGLR WUDQVPLWWHUV XQOLFHQVHG 68V FDQ
DFFHVVSRUWLRQVRIWKH0+]ZLGHEDQGDQGWUDQVPLWVLJQDOVWKDW
SODFHVSHFWUDOµKROHV¶ZLWKVXLWDEOHJXDUGEDQGVDURXQGDOONQRZQ
38V%DVHGRQWKH38SURWHFWLRQUDWLRVSXEOLVKHGE\2IFRPDQGWKH
)&& WKH RSHUDWLRQ RI D )%0& )LOWHU %DQN 0XOWL&DUULHU
WUDQVPLWWHULVGHPRQVWUDWHGIRUDQXUEDQHQYLURQPHQWDQGWKURXJK
µILHOG WHVW¶ VLPXODWLRQ LW LV VKRZQ WKDW WKH 2XW 2I %DQG 22%
OHDNDJHRIWKHSURSRVHG3+<HQHUJ\LQWKHµKROHV¶WKDWFDQLQWHUIHUH
ZLWKWKH38LVG%ORZHUWKDQWKDWRIXVLQJDQHTXLYDOHQW2)'0
3+< 7KH UHVXOWV VKRZ WKDW WKH SURSRVHG 3+< LV D VXLWDEOH
FDQGLGDWH IRU '6$68 FRPPXQLFDWLRQ HJ LQ VPDUW FLW\ ,R7
DSSOLFDWLRQVZKLOVWHQVXULQJWKHLQWHJULW\RILQFXPEHQW38VLJQDOV
,,1752'8&7,21
2YHU UHFHQW \HDUV WKH SUROLIHUDWLRQ RI ZLUHOHVV PRELOH
VHUYLFHV DQG DSSOLFDWLRQV KDV OHG WR WKH VR FDOOHG µVSHFWUXP
FUXQFK¶ ZKHUHE\ H[LVWLQJ DOORFDWHG UDGLR VSHFWUXP LV RIWHQ
SUHVHQWHGDVEHLQJQHDUO\DWFDSDFLW\<HWXSRQLQVSHFWLRQODUJH
VZDWKHVRIWKHVSHFWUXPDSSHDUWREHXQGHUXWLOL]HGRUQRWLQXVH
DWDOO7KLVVSHFWUXPVKRUWDJHµSDUDGR[¶>@LVZHOOXQGHUVWRRGWR
EH D UHVXOW RI WKH ODUJHO\ VWDWLF DOORFDWLRQ SROLF\ XVHG E\
UHJXODWRUVDURXQGWKHZRUOGUDWKHUWKDQWKHSK\VLFDOVKRUWDJHRI
DYDLODEOH EDQGV 7R JLYH DQ H[DPSOH LQ WKH +LJKODQGV DQG
,VODQGV RI 6FRWODQG ZKHUH FHOOXODU VHUYLFH LV VSDUVH DQG RIWHQ
OLPLWHG RQO\ WR * WKHUH LV QR VKRUWDJH RI XQXVHG µFHOOXODU¶
EDQGV)L[HGDOORFDWLRQSROLFLHVPHDQWKDWWKHUHDUHPDQ\XQXVHG
EXW38DOORFDWHGEDQGVVXFKDVWKRVHIRU)05DGLR'LJLWDO79
DQGFHOOXODUVHUYLFHVDOODFURVVWKHFRXQWU\:LWKQRVWUXFWXUHG
PRGHOVLQSODFHWRDOORZWKHVKDULQJRIWKHVHEDQGVWKH\VLPSO\
OLHHPSW\8VLQJQHZVSHFWUXPDFFHVVWHFKQLTXHVKRZHYHUWKH\
FRXOGEHWDUJHWHGIRU*DQG,R7DSSOLFDWLRQV
'\QDPLF6SHFWUXP$FFHVV'6$LVDPHWKRGRIVSHFWUXP
VKDULQJZKHUHE\6HFRQGDU\8VHU68QRGHVDQGQHWZRUNVDUH
DEOH WR DFFHVV WKH VSHFWUXP DQG HVWDEOLVK FRPPXQLFDWLRQ
FKDQQHOV RQ DQ XQOLFHQVHG EXW FRQWUROOHG EDVLV :LWK
DSSURSULDWH UHJXODWRU\ IUDPHZRUNV '6$ ZLOO VHH OLFHQVHG
3ULPDU\ 8VHUV 38V HQFRXUDJHG WR VKDUH EDQGV WKH\ DUH QRW
XVLQJLQRUGHUWRDOORZWKHVSHFWUXPWREHXVHGPRUHHIILFLHQWO\
,GHDOO\68VZRXOGEHVSHFWUDOO\DZDUHDQGFDSDEOHRILGHQWLI\LQJ
EDQGVWKH\FDQDFFHVVZLWKRXWFDXVLQJXQDFFHSWDEOHLQWHUIHUHQFH
WRLQFXPEHQW38V>@$IWHULGHQWLI\LQJVXLWDEOHEDQGVWKH68V
FDQFUHDWHFRPPXQLFDWLRQVFKDQQHOVLQWKHPXVLQJPXOWLFDUULHU
PRGXODWLRQ VFKHPHV $V WKH EDQGV DUH OLNHO\ WR EH 1RQ
&RQWLJXRXV1&G\QDPLFPRGXODWLRQWHFKQLTXHVZLWKYDULDEOH
VSHFWUDO PDVNV VKRXOG EH XVHG 7KHVH UHTXLUHPHQWV SRLQW WR
6RIWZDUH 'HILQHG 5DGLR 6'5 LPSOHPHQWDWLRQV +HUH
HQJLQHHUV FDQ GHYHORS IOH[LEOH 3K\VLFDO /D\HUV 3+<V IRU
LPSOHPHQWDWLRQRQSURJUDPPDEOHKDUGZDUH7RGDWHUHJXODWRUV
VXFKDVWKH)&&86$DQG2IFRP8.KDYHQRWSHUPLWWHGWKLV
W\SH RI '6$ ,QVWHDG JHRORFDWLRQ GDWDEDVHV KDYH EHHQ
GHYHORSHGWRSURYLGHLQIRUPDWLRQRQUHTXHVWDERXWZKLFKEDQGV
DUHDYDLODEOHDWDQ\SDUWLFXODUORFDWLRQDQGWKHWUDQVPLWSRZHU
SHUPLWWHGLQHDFKRIWKHP:LWKWKHFXUUHQWUXOHV68VFDQRQO\
FKRRVHFKDQQHOVIURPWKLVOLVW
5HFHQW H[DPSOHV RI '6$ LQ DFWLRQ LQFOXGH WKH PDQ\ 79
:KLWH6SDFH 79:6SLORWQHWZRUNV LPSOHPHQWHGDURXQG WKH
JOREH7KH&HQWUH IRU:KLWH6SDFH&RPPXQLFDWLRQVKDVEHHQ
LQYROYHGLQWKHGHVLJQDQGRSHUDWLRQRIWKUHHSLORWQHWZRUNVLQ
6FRWODQGRQWKH,VOHRI%XWHLQ*ODVJRZFLW\FHQWUHLQ
>@DQGPRVWUHFHQWO\LQWKHUHPRWH2UNQH\,VODQGVLQ>@
:LWKIXQGLQJIURPWKH6FRWWLVK*RYHUQPHQWWKH2UNQH\SURMHFW
KDV VHHQ '6$HQDEOHG IL[HG ,QWHUQHW DFFHVV SURYLGHG WR UXUDO
FRPPXQLWLHVDQGµQRPDGLF¶DFFHVVRQLQWHULVODQGIHUULHV
,QWKLVSDSHUD)LOWHU%DQN0XOWL&DUULHU)%0&WUDQVPLWWHU
LVLQWURGXFHGWKDWFDQEHXVHGLQFRPELQDWLRQZLWKDGDWDEDVHRU
ORFDONQRZOHGJHRI38EURDGFDVWVWRDOORZ68DFFHVVLQWKH)0
5DGLREDQG0HWKRGVDUHSUHVHQWHGWKDWHQDEOHWKHSURSRVHG68
UDGLR WR FRH[LVW ZLWK )0 EURDGFDVWV ZLWKRXW DQ\ GLVFHUQLEOH
LQWHUIHUHQFHWRWKH38VLJQDOV
,,)05$',2%$1''<1$0,&63(&7580$&&(66
:KLOHWKHUHFHQWIRFXVRIUHVHDUFKLQGXVWULDODQGUHJXODWRU\
ERGLHVKDVEHHQRQLPSOHPHQWLQJ79:6LQWKH8+)EDQG
 0+] WKH WHFKQLTXHV WKH\ KDYH GHYHORSHG DUH DOVR
DSSOLFDEOHWRRWKHUEDQGV)05DGLRZDYHV0+]LQPRVW
FRXQWULHV KDYH H[FHOOHQW SURSDJDWLRQ FKDUDFWHULVWLFV DQG DUH
DEOH WR GLIIUDFW DURXQG REMHFWV VXFK DV KLOOV DQG KXPDQPDGH
VWUXFWXUHVDQGSHQHWUDWHWKURXJKEXLOGLQJVZHOO$OWKRXJK
6HFRQGDU\8VHU$FFHVVIRU,R7$SSOLFDWLRQVLQWKH
)05DGLR%DQGXVLQJ)6)%0&
.HQQHWK:%DUOHH5REHUW:6WHZDUW/RXLVH+&URFNHWW
6RIWZDUH'HILQHG5DGLR5HVHDUFK/DERUDWRU\&HQWUHIRU:KLWHVSDFH&RPPXQLFDWLRQV
'HSWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*;:6FRWODQG
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)LJ68VEURDGFDVWLQJLQDYDLODEOHFKDQQHOVRIWKH)05DGLR%DQG
VDZ1RUZD\HQGLQJ)05DGLRWUDQVPLVVLRQLQIDYRXURIDQHZ
GLJLWDOVROXWLRQLQPDQ\QDWLRQVWKHUHOLDQFHRQDQGLQYHVWPHQW
LQµWUXVW\¶)05DGLRZLOOOLNHO\PHDQWKDWLWVH[LVWHQFHLVDVVXUHG
IRUPDQ\\HDUVWRFRPH
$ UHFHQW VWXG\ FRQGXFWHG LQ WKH 86$ KDV VKRZQ WKDW D
VLJQLILFDQWSRUWLRQRIWKHLQGLYLGXDON+]ZLGH)05DGLR
FKDQQHOVDUHLQIDFWXQDOORFDWHGDWDQ\JLYHQORFDWLRQ>@7KH
DYHUDJHILQGLQJVDFURVVWKHFRXQWU\VXJJHVWWKDWLQUHJLRQVZLWK
SRSXODWLRQVEHWZHHQDQGPLOOLRQRQO\DURXQGRI
WKHFKDQQHOVDUHLQXVHRQDYHUDJH>@,QUXUDODUHDVWKHILJXUHV
DUHPXFKORZHU2IFRXUVHWKLVLVQRWWRVD\WKDWWKHUHZLOODOZD\V
EH0+]RIWKH)0EDQGXQDOORFDWHGLQWKHVHDUHDVDQGIXUWKHU
ZKHQ )&& UXOHV RQ PLQLPXP GLVWDQFH VHSDUDWLRQV SURWHFWHG
UDGLLDURXQGWUDQVPLWWHUVHVVHQWLDOO\IUHTXHQF\JXDUGEDQGVDUH
WDNHQLQWRDFFRXQWWKHDPRXQWRIµYDFDQW¶VSHFWUXPLVDFWXDOO\
ORZHU+RZHYHUWKHILQGLQJVLQ>@GRSURYLGHDVWURQJDUJXPHQW
WKDWWKH)0EDQGLVDVXLWDEOHFDQGLGDWHIRUHQDEOLQJ68DFFHVV
,Q WKLV SDSHU D 68 UDGLR LV SURSRVHG WKDW XVHV DQ )%0&
VFKHPHZLWKIUHTXHQF\RYHUODSSLQJVXEFKDQQHOVVSDFHGN+]
DSDUWN+] WKRIDVWDQGDUGµ)0FKDQQHO¶7KLVPHDQV
VXEFKDQQHOVILWLQVLGHDQµ)0FKDQQHO¶DVLOOXVWUDWHGLQ)LJ
,WLVDQHVVHQWLDOUHTXLUHPHQWWKDWVXEFKDQQHOVDWIUHTXHQFLHV
NQRZQWREHµLQXVH¶E\WKH38FDQEHGLVDEOHGDQGVSHFWUDOO\
µNQRFNHGRXW¶LQRUGHUWRHQVXUHWKDWWKH38VLJQDOLVSURWHFWHG
7KHVHWRIVXEFKDQQHOVWRGLVDEOHZRXOGEHGHWHUPLQHGHLWKHUE\
FRQVXOWLQJDQHZ)05DGLRJHRORFDWLRQGDWDEDVHRUORFDOO\E\
WKH68XVLQJDUHJXODWRUDSSURYHGVSHFWUDOVHQVLQJWHFKQLTXH
,QRUGHUWRHQVXUHWKHSURWHFWLRQRI38VWKH$GMDFHQW&KDQQHO
/HDNDJH5DWLR$&/5RIWKHPRGXODWLRQVFKHPHLQXVHE\WKH
68PXVWEHORZLHGLVDEOHGVXEFKDQQHOVPXVWKDYHPLQLPDO
2XW2I%DQG22%OHDNDJHSRZHUOHYHOVWRSUHYHQWLQWHUIHUHQFH
ZLWK WKH 38 1& 2)'0 RQH RI WKH IDYRULWH 1& VFKHPHV
SUHVHQWHG LQ WKH OLWHUDWXUH²>@>@ DOORZV VXEFDUULHUV WR EH
GLVDEOHGEXWGXHWRWKHIDFWLWXVHVUHFWDQJXODUSXOVHVKDSLQJLW
KDVYHU\KLJK22%SRZHUOHYHOV>@)%0&FDQDOVRWUDQVPLW1&
FKDQQHOV DQG GHSHQGLQJ RQ WKH SURWRW\SH ILOWHU FKRVHQ FDQ
DFKLHYH H[FHOOHQW $&/5 OHYHOV >@ 7KH SURWRW\SH ILOWHU¶V
IUHTXHQF\UHVSRQVHLVXVHGDVWKHEDVLVRIDOOILOWHUVLQWKHEDQN
$V'6$LVFXUUHQWO\QRWLPSOHPHQWHGLQWKH)05DGLREDQG
QR$&/5OLPLWVKDYHEHHQVHWE\UHJXODWRUVEXWLQVSLUDWLRQFDQ
EH WDNHQ IURP WKH)&&DQG2IFRP79:6 OLPLWVDQG WKH)0
5DGLRUHJXODWLRQV7KH)&&KDVVHWWKHPD[LPXP22%SRZHU
G%ORZHUWKDQLQEDQGOHYHOV>@2IFRPUHTXLUHVDPD[LPXP
OHDNDJHRIG%PG%DWPD[LPXPWUDQVPLWSRZHU>@
DQGWKH,785KDVVHWWKHFRFKDQQHOLQWHUIHUHQFHOLPLWIRU)0
5DGLRWRG%>@
)ROORZLQJDUHYLHZRI)%0&LQ6HF,,,6HF,9RIWKLVSDSHU
GLVFXVVHVWKHGHVLJQRIWKH68WUDQVPLWWHU3+<IRUWKH)05DGLR
EDQG7KHUDGLRLVGHYHORSHGLQ6LPXOLQNDQGVLPXODWLRQVDUH
SHUIRUPHGWRDQDO\]HWKHLQWHUIHUHQFHLWSUHVHQWVWR38VLJQDOV
XQGHU GLIIHUHQW WUDQVPLW SRZHU OHYHOV $ WHVW PHWKRGRORJ\ LV
GLVFXVVHGLQ6HF9DQGTXDOLWDWLYHDQGTXDQWLWDWLYHUHVXOWVDUH
REWDLQHG DQG SUHVHQWHG 7KH SURSRVHG )%0& WUDQVPLWWHU LV
VKRZQWRFDXVHVLJQLILFDQWO\OHVVLQWHUIHUHQFHWKDQDQHTXLYDOHQW
1&2)'0 LPSOHPHQWDWLRQ $ GLVFXVVLRQ RI SRWHQWLDO
DSSOLFDWLRQV LVJLYHQLQ6HF9,DQGFRQFOXVLRQVDUHGUDZQLQ
6HF9,,
,,,5(9,(:2))%0&24$06<67(06
,Q)%0&DFRPPXQLFDWLRQFKDQQHOLVVSOLWXSLQWRDQXPEHU
RIVXEFKDQQHOVE\DEDQNRIILOWHUV,IWKHSDVVEDQGVRIILOWHUVDUH
VSHFWUDOO\VHSDUDWHGGLIIHUHQWPRGXODWLRQVFKHPHVFDQEHXVHG
VLPXOWDQHRXVO\ DFURVV WKH VHW RI VXEFKDQQHOV >@ )UHTXHQF\
RYHUODSSLQJ)%0&LVPRUHVSHFWUDOO\HIILFLHQWEXWUHTXLUHVWKH
XVHRIDQRUWKRJRQDOPRGXODWLRQWHFKQLTXHFDOOHG2IIVHW4$0
24$0>@24$0RUWKRJRQDOLW\LVDFKLHYHGE\LQSXWWLQJWKH
UHDO DQG LPDJLQDU\ FRPSRQHQWV RI FRPSOH[ 4$0 V\PEROV
LQGLYLGXDOO\WRWKH,QYHUVH)DVW)RXULHU7UDQVIRUP,))7DQG
WUDQVPLWWLQJWKHPZLWKDWLPHRIIVHWRIKDOIDV\PERO>@,QD
SUDFWLFDO VHQVH WKLV PHDQV GRXEOLQJ WKH V\PERO UDWH DQG
DOWHUQDWHO\LQSXWWLQJWKHUHDODQGLPDJLQDU\FRPSRQHQWVWRHYHQ
LQGH[HGDQGRGGLQGH[HGVXEFKDQQHOV,))7ELQV>@6SOLWWLQJ
WKH 4$0 V\PEROV LQ WKLV ZD\ DOORZV IRU PD[LPXP VSHFWUDO
HIILFLHQF\WREHUHDFKHG
2QHRI WKHEHQHILWV WKDW)%0&24$0V\VWHPVKDYHRYHU
2)'04$0LVWKDWWKH\GRQRWUHTXLUHD&\FOLF3UHIL[&3LQ
RUGHU WR SURWHFW WKH RUWKRJRQDOLW\ RI WKH VXEFDUULHUV 7KH UHDO
SURWRW\SH ILOWHU XVHG IRU )%0&24$0 UHVXOWV LQ H[FHOOHQW
IUHTXHQF\ DQG WLPH ORFDOLVDWLRQ PHDQLQJ WKDW LW LV OHVV
VXVFHSWLEOH WR,QWHU&DUULHUDQG,QWHU6\PERO,QWHUIHUHQFH,&,
DQG,6,>@$QRWKHUDGYDQWDJHEHFRPHVFOHDULQWKH0XOWLSOH
$FFHVV 0$ VFHQDULR +HUH JURXSV RI VXEFKDQQHOV DUH
DJJUHJDWHGWRJHWKHUDQGDOORFDWHGWRGLIIHUHQWXVHUVDVLQ/7(
:LWK2)'00$LWLVFULWLFDOWKDWDOORIWKHXVHUV¶VLJQDOVDUH
UHFHLYHGDWWKHVDPHWLPHDQGDWWKHFRUUHFWIUHTXHQFLHVLQRUGHU
WR PDLQWDLQ RUWKRJRQDOLW\ FRQGLWLRQV LQ WKH UHFHLYH ))7 ,Q
FRQWUDVW RQFH DQ HPSW\ 24$0 VXEFKDQQHO LV OHIW EHWZHHQ
JURXSV WUDQVPLWWHU V\QFKURQLVDWLRQ EHWZHHQ 0$ QRGHV LV QRW
UHTXLUHG ZKHQ WUDQVPLWWLQJ WR DQ )%0&24$0 EDVHVWDWLRQ
>@7KLVLVDQLPSRUWDQWSRLQWVLQFHLWFDQGUDVWLFDOO\VLPSOLI\
WKHDUFKLWHFWXUHRI WUDQVPLWRQO\UDGLRQRGHV IRUH[DPSOH,R7
QRGHVWKDWRQO\EURDGFDVWVHQVRUUHDGLQJV
7ZRRIWKHPRUHFRPPRQDUFKLWHFWXUHVRI)%0&WKDWIHDWXUH
LQ WKH OLWHUDWXUH DUH WKHPolyphase Network 331)%0&DQG
Frequency Spreading)6)%0&&RQILJXUHGZLWKHTXLYDOHQW
SDUDPHWHUV DQG SURWRW\SH ILOWHU GHVLJQV ERWK RI WKHVH
DUFKLWHFWXUHVZLOODFKLHYHWKHVDPHVSHFWUD>@DQGDVZLOOEH
GLVFXVVHG WKHUH DUH DGYDQWDJHV DQG GLVDGYDQWDJHV WR HDFK RI
WKHP 7KH ILOWHU EDQN H[LVWV HLWKHU LQ WKH WLPH RU IUHTXHQF\
GRPDLQGHSHQGLQJXSRQZKLFKDUFKLWHFWXUHLVFKRVHQ
,Q WKH 331)%0&24$0 WUDQVPLWWHU  PRGXODWHG
24$0V\PEROV FRPSOH[4$0V\PEROVDUHLQSXWWRDQ
,))7DQGWKHRXWSXWLVSDVVHGWRDWLPHGRPDLQSRO\SKDVHILOWHU
EDQNQHWZRUN7KHEDQN¶VSURWRW\SHILOWHULVGHVLJQHGEDVHGRQ
DQRYHUODSSLQJIDFWRU >@7KHDGYDQWDJHRIWKLVGHVLJQLV
WKDWWKH,))7VL]HLVOLPLWHGWR UDWKHUWKDQ DVZLWK)6
)%0&7KHUHDUHGUDZEDFNVKRZHYHUZLWKWKH331UHFHLYHU
(TXDOLVDWLRQPXVWEHFDUULHGRXWDVDFRPSOH[PXOWLWDSSURFHVV
LQ WKH WLPHGRPDLQ XQOLNH WKH VLQJOH WDSSURFHVV UHTXLUHG IRU
2)'0ZKLFKDGGVDSURFHVVLQJRYHUKHDGDQGDWLPHGHOD\>@
&DUULHU )UHTXHQF\ 2IIVHW &)2 DQG 7LPLQJ V\QFKURQLVDWLRQ
PXVWDOVREHSHUIRUPHGLQWKHWLPHGRPDLQSULRUWRWKHUHFHLYHU¶V
))7 7LPHGRPDLQ PLVDOLJQPHQW VLJQLILFDQWO\ UHGXFHV WKH
DPRXQWRIFKDQQHOGHOD\VSUHDGWKHUHFHLYHUFDQFRPSHQVDWHIRU
KHQFH WKLV DUFKLWHFWXUH GRHV QRW SHUIRUP ZHOO LQ PXOWLSDWK
M
M
K
M MK
HQYLURQPHQWV>@
,Q FRPSDULVRQ WKH )6)%0&24$0 WUDQVPLWWHU VHHV
PRGXODWHG24$0V\PEROVXSVDPSOHGE\ LQWKHIUHTXHQF\
GRPDLQµIUHTXHQF\VSUHDG¶DQGFRQYROYHGZLWKWKHIUHTXHQF\
FRHIILFLHQWVRIWKHSURWRW\SHILOWHU1H[WWKH ILOWHUHGVDPSOHV
DUHSDVVHGLQWRWKH,))7DQG RIWKHWLPHGRPDLQRXWSXWVDUH
µRYHUODSSHG DQG VXPPHG¶ WRJHWKHU >@ :KLOH WKHUH LV D
VLJQLILFDQWDPRXQWRI UHGXQGDQWSURFHVVLQJ LQ WKLV WUDQVPLWWHU
WKH JDLQV DUH PDGH LQ WKH )6 UHFHLYHU &)2 DQG 7LPLQJ
V\QFKURQLVDWLRQ V\VWHPV FDQEHSRVLWLRQHG DIWHU WKH UHFHLYHU¶V
))7DQGVLPLODUO\HTXDOLVDWLRQFDQEHSHUIRUPHGDVDVLQJOHWDS
RSHUDWLRQ LQ WKH IUHTXHQF\GRPDLQ LQ WKH VDPH ZD\ DV ZLWK
2)'0>@7KLVPHDQVWKDWLWLVEHWWHUDEOHWRFRPSHQVDWHIRU
WKHHIIHFWVRIPXOWLSDWK$GGLWLRQDOO\WKH))7RSHUDWLRQFDQEH
FDUULHGRXWDV\QFKURQRXVO\LHZLWKRXWSULRUNQRZOHGJHRIWKH
WLPH GRPDLQ DOLJQPHQW >@ $QRWKHU EHQHILW WR WKLV UHFHLYHU
DUFKLWHFWXUHLVWKDWWKHKLJKHUIUHTXHQF\GRPDLQUHVROXWLRQRIWKH
))7 UDWKHUWKDQ ELQVZLOOOHDGWRPRUHDFFXUDWHVHQVLQJ
UHVXOWVVKRXOGVSHFWUXPVHQVLQJEHEHLQJFDUULHGRXWLQWKHUDGLR
3URWRW\SH ILOWHUV DUH QRUPDOO\ GHVLJQHG LQ WKH IUHTXHQF\
GRPDLQ UHJDUGOHVV RI ZKLFK DUFKLWHFWXUH LV ODWWHUO\ XVHG 7KH
ILOWHULVV\PPHWULFDQGWKHQXPEHURIQRQ]HURFRHIILFLHQWVRI
WKHILOWHULVJLYHQE\   ±>@7KHKLJKHUWKH YDOXHWKH
EHWWHUWKH$&/5EXWDWUDGHRIILVPDGHWRNHHS VPDOO7KLV
KDVOHGWR  EHFRPLQJDFRPPRQYDOXHDVXVHGLQWKH(8)3
3+<'<$6SURMHFW>@7KHFRHIILFLHQWVDUHFDOFXODWHGVXFKWKDW
LVVDWLVILHG
 
:LWK  WKLVJLYHVIUHTXHQF\FRHIILFLHQWVRI
UHVXOWLQJLQWKHILOWHUEDQNVKRZQLQ)LJ,WLVNH\WRQRWHKHUH
WKDW RQO\ VXEFKDQQHOV WKDW DUH GLUHFW QHLJKERXUV RYHUODS
'LVDEOLQJDVLQJOHVXEFKDQQHOZKLFKFDQEHDFKHLYHGE\VLPSO\
LQSXWWLQJD]HURYDOXHG24$0V\PEROWRWKHWUDQVPLWWHUFUHDWHV
VSHFWUDO VHSDUDWLRQ EHWZHHQ WKH UHPDLQLQJ VXEFKDQQHOV
UHPRYLQJ WKH UHTXLUHPHQW RI RUWKRJRQDOLW\ EHWZHHQ WKHP
'LVDEOLQJDQXPEHURIQHLJKERXULQJVXEFKDQQHOVZLOOFUHDWHD
µKROH¶LQWKHJHQHUDWHG)%0&24$0VLJQDOHVVHQWLDOO\PDNLQJ
LW 1& 7KH UROORII RI WKH   ILOWHU PHDQV WKDW ZLWKLQ 
VXEFKDQQHOVSDFLQJVWKHSRZHURIWKH22%OHDNDJHLQWKHKROHV
ZLOO EH  G% ORZHU WKDQ WKH LQEDQG OHYHO >@ 8QOLNH 1&
2)'0WKLVVLJQDOFDQEHPRXOGHGWRILWDURXQGH[LVWLQJ38VDQG
EURDGFDVWZLWKPLQLPDOLQWHUIHUHQFHWRWKHP
:KLOH331)%0&LVWKHGHIDFWRDUFKLWHFWXUHEHFDXVHRILWV
HIILFLHQWLPSOHPHQWDWLRQWKHV\QFKURQLVDWLRQEHQHILWVRIWKH)6
)%0&UHFHLYHUPHDQWKDWWKHIUHTXHQF\VSUHDGLQJWHFKQLTXHLV
WKHDUFKLWHFWXUHRIFKRLFHZKHQGHVLJQLQJUDGLRVIRUXVHLQD'6$
HQYLURQPHQW>@%HFDXVHWKHGHVLJQVDUHHTXLYDOHQWLQWKHRU\
LWLVSRVVLEOHWRKDYHDPL[HGDUFKLWHFWXUHUDGLRLHXVLQJD331
)%0& WUDQVPLWWHU DQG DQ)6)%0& UHFHLYHU >@7KLV LV DQ
DWWUDFWLYHFRQFHSWDVLWUHVXOWVLQWKHµEHVWRIERWKZRUOGV¶)RU
WKHSXUSRVHVRIWKLVLQLWLDOLQYHVWLJDWLRQKRZHYHUWKH)6)%0&
DUFKLWHFWXUHZDVFKRVHQ
,9'(6,*12)$1)6)%0&75$160,77(5
)257+()05$',2%$1'
$V\VWHPVDPSOLQJUDWH RI0+]ZDVFKRVHQ:LWK
  WKH RYHUODSSLQJ 24$0 VXEFKDQQHOV KDYH D
EDQGZLGWKRIN+]DQGDWRWDORI24$0VXEFKDQQHOVFDQ
ILWLQVLGHHDFKVWDQGDUGN+]ZLGHµ)0FKDQQHO¶*LYHQWKH
$&/5 OLPLWV GLVFXVVHG LQ 6HF ,, LW ZDV GHFLGHG WKDW WKH
3+<'<$6 ILOWHU ZLWK LWV G% 22% DWWHQXDWLRQ ZRXOG EH
VXIILFLHQWIRUWKHH[HUFLVH
7KHWUDQVPLWWHUZDVGHYHORSHGLQ6LPXOLQNXVLQJORZOHYHO
FRPSRQHQWV IURP WKH 0DWK:RUNV +'/ &RGHU OLEUDU\ 7KLV
PHDQV WKDW ODWHU WKHGHVLJQFDQEH WDUJHWHG WRSURJUDPPDEOH
6'5KDUGZDUH$QHTXLYDOHQWV\VWHPZDVDOVREXLOWIRUDQ1&
2)'0WUDQVPLWWHUWRDOORZIRUFRPSDULVRQ
7KHGHVLJQVHHV4$0V\PEROVJHQHUDWHGDWDUDWHRI   
$ FKDQQHO PDVN LV DSSOLHG ZKLFK ZLOO VHH VRPH VXEFKDQQHOV
GLVDEOHGWRSURWHFWWKH38VWKLVZLOOEHGLVFXVVHGLQJUHDWHUGHWDLO
LQ 6HF 9 7KH V\PEROV XQGHUJR 24$0 SUHSURFHVVLQJ DUH
XSVDPSOHGE\DIDFWRURI DQGFRQYROYHGZLWKWKHIUHTXHQF\
GRPDLQ3+<'<$6ILOWHUFRHIILFLHQWV1RWHWKDWWKHVHRSHUDWLRQV
LQFUHDVHWKHVDPSOLQJUDWHWR 7KHVDPSOHVSDVVWKURXJKDQ
,))7WRJHQHUDWHWLPHGRPDLQ)%0&V\PEROVDQGWKHVHDUHIHG
LQWR D EDQN RI ),)2V )LUVW,Q )LUVW2XW PHPRU\ XQLWV 7KH
RXWSXWVDUHFORFNHGVXFKWKDWVDPSOHVDUHRXWSXWDWWKHRULJLQDO
V\PERO UDWH  DQG WKH)%0&V\PEROVDUH µRYHUODSSHG¶DQG
VXPPHG WRJHWKHU LQ WKH WLPH GRPDLQ 7KH DUFKLWHFWXUH RI WKH
WUDQVPLWWHULVLOOXVWUDWHGLQ)LJ

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,WLVQRWFXUUHQWO\OHJDOWREURDGFDVWXQOLFHQVHG68VLJQDOVLQ
WKH)05DGLREDQGVRLQRUGHUWRWHVWWKHFRQFHSWµILHOGWHVW¶
VLPXODWLRQVZHUHSHUIRUPHGLQVWHDGWRH[SORUH68LQWHUIHUHQFH
OHYHOVLHWKHOHYHORILQWHUIHUHQFHFDXVHGE\WKH68WRWKH38
6XLWDEOH5DGLR)UHTXHQF\5)UHFRUGLQJVRIWKH)05DGLREDQG
KDG WREHREWDLQHG WRGR WKLV DQG WKHVHZHUH DFTXLUHGZLWK D
8653%6'5IURPWKHWRSRIDEXLOGLQJRQWKH6WUDWKFO\GH
8QLYHUVLW\ FDPSXV 55.860876°N, 4.243672°W $Q  VHFRQG
UHFRUGLQJRI WKHHQWLUHEDQGZDVPDGH WKDWZRXOG ODWHUDOORZ
LQWHUIHUHQFH WREHJDXJHGERWKTXDQWLWDWLYHO\DQGTXDOLWDWLYHO\
YLDOLVWHQLQJWHVWV$WRWDORIUHFHLYDEOHGHPRGXODWHDEOH
)0VWDWLRQVZHUH IRXQG0RVWRI WKHVHZHUH WUDQVPLWWHG IURP
%ODFNKLOOLQFHQWUDO6FRWODQG55.861944°N, 3.872500°WNP
DZD\7KHUHZHUHORFDODUHDVWDWLRQVDQGDOVRGXSOLFDWHVIURP
WKH'DUYHOWUDQVPLWWHULQ$\UVKLUH55.579430°N, 4.289775°W
 NP DZD\ 7KH GXSOLFDWH 'DUYHO VWDWLRQV ZHUH PXFK ORZHU
SRZHUEXW WKH\DUHQRW LQWHQGHG WR VHUYLFH WKH*ODVJRZDUHD
DOEHLWWKHLUH[LVWHQFHPHDQVWKH\ZHUHWUHDWHGDV38V
7KH8653%XVHGIRU WKHUHFRUGLQJZDVXQFDOLEUDWHG
ZKLFKPHDQVWKDWWKHVDPSOHVUHFHLYHGE\WKHFRPSXWHUDOOKDG
UHODWLYHSRZHUOHYHOVDQGKHQFHDSSURSULDWHVFDOLQJZDVUHTXLUHG
LQRUGHU WRPDNH IDLU FRPSDULVRQV ODWHU7HFKQLFDO SDUDPHWHUV
UHJDUGLQJWKH8.¶V)0WUDQVPLWWHUVZHUHGRZQORDGHGIURPWKH
2IFRPZHEVLWH>@DQGFDOFXODWLRQVZHUHSHUIRUPHGWRHVWLPDWH
WKHDYHUDJHH[SHFWHGUHFHLYHSRZHURIWKH%%&QDWLRQDOVWDWLRQV
WUDQVPLWWHGIURPWKH%ODFNKLOO WUDQVPLWWHU8VLQJWKH)ULLVIUHH
VSDFHFKDQQHOPRGHO WKHH[SHFWHGSRZHUZDV IRXQG WREH
:G%P$VWKLVPRGHOGRHVQRWWDNHLQWRDFFRXQWWKH
DQWHQQD KHLJKW GLIIHUHQFH ZKLFK ZDV DSSUR[LPDWHO\ P
EHWZHHQ WKH WUDQVPLWWHU DQG WKH 8653 UHFHLYHU D VHFRQG
FDOFXODWLRQ ZDV SHUIRUPHG XVLQJ WKH 3HUH]9HJD =DPDQLOOR 
)&& ) IUHH VSDFH 9+) PRGHO IRU FRPSDULVRQ $
0$7/$%LPSOHPHQWDWLRQZDVFUHDWHGEDVHGRQ>@DQGWKLV
VKRZHGWKHH[SHFWHGUHFHLYHSRZHUWREH :G%P
:KLOHWKH)PRGHOLVOLNHO\PRUHDFFXUDWHLWZDVQRWHG
WKDWQHLWKHULWQRUWKH)ULLVPRGHOWDNHLQWRDFFRXQWWKHJHRJUDSK\
RI WKH WUDQVPLWFKDQQHOVRVRPHIXUWKHUDWWHQXDWLRQVKRXOGEH
H[SHFWHG,QOLJKWRIWKLVWKHSRZHURIWKHUHFRUGHG)0VLJQDO
ZDVDGMXVWHGVXFKWKDWWKHDYHUDJH%ODFNKLOO%%&VWDWLRQSRZHU
ZDVDURXQGG%P
A. Dynamic Generation of a Spectral Mask
:LWKQRH[LVWLQJJHRORFDWLRQGDWDEDVHIRUWKH)0IUHTXHQF\
EDQG D 68 FKDQQHO PDVN ZDV QRW UHDGLO\ DYDLODEOH IRU WKH
UHFRUGLQJORFDWLRQWKHUHIRUHDPDVNZDVFUHDWHGEDVHGRQWKH)0
5DGLRVWDWLRQVGHWHFWHGLQWKHUHFRUGLQJDVZHOODVWKRVHOLVWHGLQ
WKH2IFRPGRFXPHQWV7KHFHQWUHIUHTXHQFLHVRIWKH)0VWDWLRQV
ZHUHQRWHGDQGD0$7/$%VFULSWZDVZULWWHQWRDXWRPDWHWKH
SURFHVV$QDUELWUDU\JXDUGEDQGVL]HRIN+])05DGLR
FKDQQHOV24$0VXEFKDQQHOVZDVFKRVHQPHDQLQJDWRWDO
RI24$0VXEFKDQQHOVZRXOGEHGLVDEOHGDURXQGHDFKDFWLYH
)05DGLRVLJQDO7KHRSWLPXPJXDUGEDQGVL]HLVDVXEMHFWRI
IXUWKHUUHVHDUFK5XQQLQJWKHVFULSWDPDVNZDVJHQHUDWHGZLWK
RIWKH24$0VXEFKDQQHOVGLVDEOHGOHDYLQJ
DFWLYH7KLVLVWKHPDVNVKRZQLQ)LJ7KHPDVNZDVORDGHG
LQWR WKH WUDQVPLWWHUPRGHO DQGDQ)%0&VLJQDOZLWK VSHFWUDO
µKROHV¶ZDVSURGXFHG$GGLWLRQDOO\DQ1&2)'0VLJQDOZLWK
WKHVDPHQXPEHURIVXEFDUULHUVDQGWKHVDPHFKDQQHOPDVNZDV
DOVRFUHDWHGWRDOORZIRUFRPSDULVRQ
B. Configuring the SU Transmit Power Level
$VWKHUHDUHQRH[LVWLQJUHJXODWLRQVIRU68VWUDQVPLWWLQJLQ
WKH)05DGLREDQGWKHUHDUHQRUXOHVIRUWUDQVPLWSRZHUOHYHOV
7KHUHIRUHWRVHWDIDLUDQGUHDVRQDEOHSRZHUOHYHOLWZDVQRWHG
WKDWLQWKH(8WKHPD[LPXP:L)LWUDQVPLWSRZHULV:
G%P7KH)&&KDVDKLJKHUOLPLWRI:G%PIRUWKH86$
ZKLFKLVWKHVDPHSRZHUDJUHHGXSRQIRU79:6EURDGFDVWVE\
WKH)&&DQG2IFRP>@7KHLQWHUIHUHQFHOHYHOVSURGXFHGZLWK
68WUDQVPLWSRZHUVLQWKLVUDQJHZHUHWKHUHIRUHH[SORUHG
7KH)%0&DQG1&2)'068VLJQDOVZHUHFRQILJXUHGZLWK
WKH YDULRXV SRZHU OHYHOV DQG DGGHG WR WKH SRZHUDGMXVWHG
UHFRUGLQJRIWKH)0EDQG7KLVUHVXOWHGLQVSHFWUDVLPLODUWRWKH
RQHVKRZQLQ)LJ,QWKLVSDUWLFXODUFDVHWKHSRZHURIWKH68
KDVEHHQVHWWR:,WLVHYLGHQWIURPWKHSORWHYHQZLWKRXW
WKHQHHGIRUIXUWKHUFDOFXODWLRQWKDWDWWKLVORZWUDQVPLWSRZHU
WKH1&2)'0VLJQDO¶V22%OHDNDJHZLOOLQWHUIHUHZLWKPDQ\RI
WKH38)0FKDQQHOV+RZHYHUWKH3+<'<$6)%0&VLJQDOILWV
ZHOODURXQGWKHPKDYLQJDQ22%OHDNDJHOHYHOEHORZWKHQRLVH
IORRURIWKH)0EDQGLQWKLVFDVH
,QRUGHUWRH[SORUHWKHLQWHUIHUHQFHOHYHOVHDFKRIWKHDFWLYH
)05DGLRFKDQQHOVIURPWKHFM+SURYHUOD\VLJQDOVKDGWREH
LVRODWHG 7KH FM+SU RYHUOD\ VLJQDOV ZHUH PL[HG ZLWK D
FRPSOH[VLQHZDYHWRVKLIWHDFKDFWLYH)0FKDQQHOWREDVHEDQG
LQWXUQDQGGHFLPDWLRQE\DIDFWRURIZDVSHUIRUPHG
C. Quantitative Measurement of Interference
7KHDYHUDJHSRZHUIRUHDFKRIWKH)0DQG68VLJQDOV
DQG  LQDFWLYH)05DGLRFKDQQHOVXQGHUYDULRXV WUDQVPLW
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7KLVSORWVKRZVWKDWRYHUOD\LQJWKH3+<'<$6)%0&VLJQDO
RQWKH)0VSHFWUXPUHVXOWVLQaG%LPSURYHPHQWLQ386,5
ZKHQFRPSDUHGZLWKRYHUOD\LQJWKH1&2)'0VLJQDO:LWKDQ
68 WUDQVPLW SRZHU RI  : DV GHPRQVWUDWHG LQ )LJ  WKH
LQWHUIHUHQFHRIWKH3+<'<$6VLJQDOLVQHJOLJLEOHKRZHYHU1&
2)'0LVVKRZQWRVLJQLILFDQWO\GHJUDGHWKHTXDOLW\RIWKH)0
VLJQDO7KH1&2)'0FDVHZRUVHQV DV WKH WUDQVPLWSRZHU LV
LQFUHDVHGUHVXOWLQJLQVXFKVHULRXVLQWHUIHUHQFHWKDWDW:WKH
SRZHURIWKH1&2)'022%OHDNDJHLVRQDYHUDJHWLPHV
G%JUHDWHUWKDQWKDWRIWKH)05DGLRVLJQDO,QFRPSDULVRQ
WKH OHDNDJHSRZHURI WKH3+<'<$6 68 LV  WLPHV  G%
ORZHUWKDQWKHSRZHURI)0VLJQDO)URPDQXPHULFDOSRLQWRI
YLHZWKHFDOFXODWHG6,5YDOXHVVKRZWKDWWKHUHLVDVLJQLILFDQW
EHQHILW WRXVLQJ3+<'<$6LQVWHDGRI1&2)'0IRU1&68
DFFHVV
D. Qualitative Measurement of Audio Interference
(DFKRI WKHDFWLYH)05DGLRFKDQQHOVIURPWKHSRZHU
DGMXVWHGUHFRUGLQJRIWKH)0EDQGZHUHSURFHVVHGE\D&RPSOH[
)UHTXHQF\ 'LVFULPLQDWRU LQ 6LPXOLQN LQ RUGHU WR H[WUDFW WKH
DXGLRVLJQDOFRQWDLQHGZLWKLQ>@7KHRXWSXWVZHUHVDYHG WR
.wavILOHVFUHDWLQJDµJROGHQ¶UHIHUHQFHVHWRIGHPRGXODWHG)0
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VLJQDOV IRU HDFK RI WKH GLIIHUHQW 68 WUDQVPLW SRZHUV ZHUH
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2)'0WUDQVPLWSRZHULVLQFUHDVHGWKHTXDOLW\RIWKHUHFHLYHG
38 VLJQDOV UDSLGO\ GHFUHDVHV ZKHUHDV ZLWK WKH 3+<'<$6
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